Consistent Interactions of the 2+1 Dimensional Noncommutative
  Chern-Simons Field by Asano, E. A. et al.
ar
X
iv
:h
ep
-th
/0
41
02
57
v2
  1
4 
D
ec
 2
00
4
Consistent Interations of the 2+1 Dimensional Nonommutative
Chern-Simons Field
E. A. Asano, L. C. T. Brito, M. Gomes, A. Yu. Petrov,
∗
and A. J. da Silva
Instituto de Fisia, Universidade de São Paulo,
Caixa Postal 66318, 05315-970, São Paulo - SP, Brazil
†
(Dated: 19th February 2018)
Abstrat
We onsider 2+1 dimensional nonommutative models of salar and fermioni elds oupled to the
Chern-Simons eld. We show that, at least up to one loop, the model ontaining only a fermioni
eld in the fundamental representation minimally oupled to the Chern-Simons eld is onsistent
in the sense that there are no nonintegrable infrared divergenes. By ontrast, dangerous infrared
divergenes our if the fermion eld belongs to the adjoint representation or if the oupling of salar
matter is onsidered instead. The supereld formulation of the supersymmetri Chern-Simons model
is also analyzed and shown to be free of nonintegrable infrared singularities and atually nite if the
matter eld belongs to the fundamental representation of the supergauge group. In the ase of the
adjoint representation this only happens in a partiular gauge.
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I. INTRODUCTION
Models ontaining Chern-Simons (CS) elds interating with the matter are very important
both for the lariation of oneptual aspets as well as for the appliations of eld theory.
Partially due to the reent interest in nonommutative theories, some properties of nonom-
mutative CS models have been studied [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15℄. As it
happens with its ommutative nonabelian ounterpart, gauge invariane of the nonommuta-
tive CS model demands the quantization of CS oeient [7, 8, 9, 10℄. Up to one loop, this
was proven to hold for the U(1) pure gauge model and also when minimally oupled fermions
are inluded [11, 12℄. Some results indiated that the pure CS theory is atually a free eld
model [13℄.
One problem that still deserves studies is the possible ourrene of nonintegrable infrared
singularities assoiated with the ultraviolet/infrared (UV/IR) mixing. As known, suh singu-
larities jeopardize the perturbative series and may lead to its breakdown. For the pure CS
model the absene of linear UV/IR mixing has been veried up to one-loop order [14℄. In
the present work, we will examine various ouplings of the CS eld to matter determining in
what irumstanes they may be onsistent eld theories. We begin by onsidering separately
the models of fermioni and salar elds minimally oupled to the CS eld. For the ase of
fermioni elds transforming in aord with the fundamental representation of the gauge group
there are no dangerous (nonintegrable) infrared singularities. However, for the same model but
with the fermioni eld belonging to the adjoint representation, there are linear nonintegrable
singularities in the radiative orretions to the gauge eld two point vertex funtion. The
situation is still more ompliated in the ase of a salar eld minimally oupled to the CS
eld. Here there are infrared singularities both for the fundamental and the adjoint represen-
tation. In the ase of the fundamental representation linearly divergent infrared singularities
ome from the ontributions to the salar eld four point vertex funtion whereas in the ase
of the adjoint representation there are additional infrared singularities in the two point vertex
funtion of the gauge eld. We then show that the inlusion of an adequate Yukawa oupling
may remove the divergene if both the fermioni and the salar elds belong to the funda-
mental representation. For the salar elds in the adjoint representation there are infrared
singularities whih persist even after the inlusion of fermions. More general interations are
needed and thus we onsider the nonommutative supersymmetri CS model (see [16, 17, 18℄
2
for some disussion on the quantum dynamis of the ommutative supersymmetri CS model)
and prove for the matter supereld both in the fundamental and in the adjoint representations
that, up to one loop the model is free from dangerous infrared singularities and renormalizable.
However, for the matter supereld in the adjoint representation the absene of divergenes only
happens in a partiular gauge.
Our work is organized as follows. In Setion II the nonommutative models of salar and
fermioni elds minimally oupled to the CS eld are introdued and our graphial notation
is presented. The possible ourrene of dangerous (quadrati or linear) infrared divergenes
is investigated rst in Setion III, when the matter elds belong to the fundamental represen-
tation, and then in Setion IV, when the elds are in the adjoint representation of the gauge
group. The supereld formulation of the nonommutative CS eld oupled to a supersymmet-
ri matter is onsidered in Setion V. A general overview and omments of our results are
presented in Setion VI.
II. SCALAR AND FERMIONIC MATTER MINIMALLY COUPLED TO THE
CHERN-SIMONS FIELD
In this setion we shall present some results onerning the oupling of matter to the CS eld.
For both ases of salar and fermioni matter elds, the pure gauge part of the nonommutative
ation is given by
Sgauge =
1
2
∫
d3x
{
ǫµνλ
(
Aµ ∗ ∂νAλ + 2ie
3
Aµ ∗ Aν ∗ Aλ
)
− 1
2ξ
(∂µA
µ)(∂νA
ν)
+∂µc¯ ∗ [∂µc+ i (c ∗ Aµ − Aµ ∗ c)]
}
, (1)
where a generi gauge xing (ξ) and the orresponding Faddeev-Popov ghost ations have been
inluded. The matter eld ations are
Sscalar = −
∫
d3x[(Dµϕ)† ∗ (Dµϕ) +m2ϕ†ϕ], (2)
for the salar eld and
Sfermion = −
∫
d3xψ¯ ∗ (γµDµ +M)ψ, (3)
3
for the fermioni eld. In this ation ψ denotes a two-omponent Dira eld and the rep-
resentation for the gamma matries is suh that γµγν = gµν − ǫµναγα, where ǫµνα is the
ompletely anti-symmetri Levi-Cività symbol. Throughout this work we shall use the metri
g11 = g22 = −g00 = 1. Furthermore, to avoid possible unitarity problems [19℄ we shall keep the
nonommutativity parameter Θ0i = 0.
In the above expressions DµO is the ovariant derivative of the eld O and it is given by
DµO = ∂µO − ieO ∗ Aµ, (4)
DµO = ∂µO + ie[Aµ,O]∗, (5)
if the eld O belongs to the fundamental and to the adjoint representation, respetively (the
Moyal ommutator is dened as [Aµ, O]∗ ≡ Aµ ∗O−O ∗Aµ). Unless for the Setion V in this
work we will employ the Landau gauge by taking the limit ξ → 0.
A Feynman graph representation for the models desribed above onsists of wavy, on-
tinuous, dashed and dotted lines assoiated to the gauge eld, fermioni, salar and ghost
propagators,
∆µν(k) =
ǫµνρk
ρ
k2
, (6)
∆ψ(k) =
−i
−i 6 k +M , (7)
∆ϕ(k) =
−i
k2 +m2
, (8)
∆c(k) =
i
k2
, (9)
respetively, and of the verties (see Fig. 1):
Γµνρ = 2ie ǫµνρ sin(k ∧ p), (10)
Γ1µ = −2ekµ sin(k ∧ p). (11)
The graphial orrespondene for the other verties depends on the representation. To
distinguish the same vertex in the fundamental and adjoint representations we inlude an
additional index F and A, respetively. Thus to the trilinear salar-gauge eld vertex, indiated
by Γ2µ in Fig. 1 orresponds
ΓF2µ = −ie(2k + p)µ e−ik∧p, (12)
4
for the fundamental representation and
ΓA2µ = 2e(2k + p)µ sin(k ∧ p), (13)
for the adjoint representation. Using this onvention the other verties are
ΓFµν = −2ie2gµνe−ik1∧k2 cos(p1 ∧ p2), (14)
ΓAµν = 4ie
2gµν sin(k1 ∧ p1) sin(k2 ∧ p2) + (p1 ↔ p2), (15)
ΓF3µ = −eγµeik∧p, (16)
ΓA3µ = 2ieγµ sin(k ∧ p). (17)
From these rules, the ultraviolet degree of superial divergene of a generi diagram γ
turns out to be
d(γ) = 3−NA −Nψ − 1
2
Nϕ − 1
2
Nc, (18)
where NA, Nϕ, Nψ and Nc indiate the numbers of gauge, salar, fermioni and ghost external
lines of γ (up to one loop Nc = 0).
A simplifying property shared by these models is the anellation of the pure gauge ontri-
butions. Thus, when omputing the orretions to the gauge eld two point vertex funtion,
one nds that the diagrams in Figs. 2a and 2b mutually anel [14℄.
Conerning the possibility of the appearane of nonintegrable infrared singularities speial
are should be given to graphs with d(γ) > 0. They an our in the two point vertex funtions
of the basi elds, in the three point vertex funtion < TAµϕ
†ϕ > and in the four point vertex
funtion < Tϕ†ϕ†ϕϕ >. In what follows we will restrit our attention to the investigation on
the possibility of ourrene of nonintegrable infrared singularities.
III. FUNDAMENTAL REPRESENTATION
Let us begin our analysis by onsidering rst the ase of the fundamental representation. In
this situation the one-loop ontributions to the two point funtions ome from planar graphs
and so do not indue infrared nonintegrable singularities. Thus, up to one loop the model
whose ation is Sgauge + Sfermion is renormalizable and free from dangerous UV/IR mixing.
For the salar model desribed by the ation Sgauge+Sscalar we need to examine the ontri-
butions to the three and four point vertex funtions. We have:
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1. Three point vertex funtion. The relevant diagrams are depited in Fig. 3. Beause of
properties of the Levi-Cività symbol, the divergent parts of the integrals assoiated with the
graphs in the Figs. 3a, 3b and 3c atually vanish.
Furthermore, due to our gauge hoie the graphs 3d and 3e turn out to be only logarithmi-
ally divergent and generate a mild (integrable) infrared divergene.
2. Four point vertex funtion < Tϕ†ϕϕ†ϕ >. There are three types of diagrams as drawn
in Figs. 4a− c. In the Landau gauge, the diagrams in Figs. 4a and 4b are nite but graph 4c
presents a linear infrared divergene as an be seen from its analytial expression
Fig4c = −2e4ei(q∧s+p∧r)
∫
d3k
(2π)3
ǫµρνk
ρ
k2
ǫναµ(k + p− r)α
(k + p− r)2 cos
2[k ∧ (p− r)]. (19)
Using cos2 φ = 1
2
[1 + cos(2φ)], we obtain the following nonplanar part
(Fig4c)nplanar = −2e4ei(q∧s+p∧r)
∫
d3k
(2π)3
k · (k + p− r)
k2(k + p− r)2 cos[2k ∧ (p− r)]
=
ie4
2π|p˜− r˜| + nite term (20)
where in the last line p ≃ r. Of ourse, nite term designates the ontributions that stay
nite when p → r. Although innouous at this point the above infrared linear divergene
ruins the perturbative expansion as it is illustrated by the graph in Fig. 5, whih presents a
strong nonintegrable singularity at k = p. To anel suh singularity we enlarge the model by
oupling a fermioni eld to the salar eld through the following Yukawa like self-interation
SY ukawa = g
∫
d3x[ψ ∗ ψ ∗ ϕ† ∗ ϕ− ϕ† ∗ ψ ∗ ψ ∗ ϕ]. (21)
The relative minus sign between the terms in this expression was hosen so that it provides
a mehanism for the anellation of the infrared singularity and does not vanish in the om-
mutative limit. To see how this happens notie that this interation generates the vertex Γϕψ
indiated in Fig. 1,
Γϕψ = 2ig cos(k1 ∧ k2 + p1 ∧ p2). (22)
Among the new diagrams produed by this new interation we have the graph in Fig. 4d
whih gives the nonplanar ontribution
(Fig4d)nplanar = −2g2
∫
d3k
(2π)3
−k · (k + p− r) +m2
[(k + p− r)2 +M2](k2 +M2) cos[2k∧(p−r)+p∧r−q∧s], (23)
6
from whih we obtain the following divergent part as p→ r:
Divergent part of (Fig4d)nplanar = − ig
2
2π|p˜− r˜| (24)
so that, to anel the divergene in (Fig4c)nplanar, we must set g = e
2
.
We an hek that all one-loop additional diagrams ontaining the vertex (21) do not gen-
erate nonintegrable singularities. Therefore, we may onlude that the model whose ation is
Sgauge + Sscalar + Sfermion + SY ukawa (25)
is free from dangerous infrared divergenes if g = e2.
IV. ADJOINT REPRESENTATION
Let us now examine the models introdued in the previous setion but with the matter
elds in the adjoint representation. We begin the analysis by onsidering the model with
ation Sgauge + Sfermion. In this ase the graphs ontributing to the two point proper vertex
funtions are no longer purely planar. Atually we have:
1. Gauge eld two point proper vertex funtion. The relevant diagram is the graph in
Fig. 2c whih yields
πµνf (p) = −4e2
∫
d3k
(2π)3
Tr[γν
i
−i 6k +Mγ
µ i
−i( 6k+ 6p) +M ] sin
2 (k ∧ p)
= πµνf, planar(p) + π
µν
f, nplanar(p), (26)
where the subsript f designates the fermioni ontribution and the planar and nonplanar
parts are (a =
√
M2 + x(1− x)p2)
πµνf,planar = −
ie2
π
(gµνp2 − pµpν)
∫ 1
0
dx
x(1− x)
a
+
Me2
2π
ǫµνρpρ
∫ 1
0
dx
1
a
(27)
and
πµνf, nplanar(p) =
ie2
π
(gµνp2 − pµpν)
∫ 1
0
dx
x(1− x)
a
e−a
√
p˜2
+
ie2
π
p˜µp˜ν
p˜2
∫ 1
0
dx(a+
1√
p˜2
)e−a
√
p˜2 − Me
2
2π
ǫµνρpρ
∫ 1
0
dx
1
a
e−a
√
p˜2, (28)
7
whih diverges linearly as p → 0. To anel this divergene we add salar elds desribed by
the ation in Eq. (2) but with mass m = M . We then have the ontributions from the graphs
in Figs. 2d and 2e whih give
πµνb (p) = −
ie2
4π
{
(gµνp2 − pµpν)
∫ 1
0
dx
(1− 2x)2
a
(1− e−a
√
p˜2)
+4
p˜µp˜ν
p˜2
∫ 1
0
dx(
1√
p˜2
+ a)e−a
√
p˜2
}
. (29)
As we see, this last expression presents the same infrared divergene as in the fermion ase.
Thus, as the masses are equal the two divergenes anel.
Let us now onsider the one-loop orretions to the two point vertex funtions of the matter
elds. Up to this point, the relevant diagrams are depited in Fig. 6(a − c). In the Landau
gauge the integrands for the diagrams 6b and 6c vanish, so that the two point vertex funtion
of the salar eld does not introdue nonintegrable infrared singularities. Conerning the two
point vertex funtion of the fermion eld, after a straightforward simpliation, the graph in
6a furnishes
Σψ = 4ie
2
∫
d3k
(2π)3
6 k [i(k − p)βγβ +m]
k2[(k − p)2 +m2)] [1− cos(2k ∧ p)], (30)
whose nonplanar part yields
Σψ nplanar = 4e
2
∫
d3k
(2π)3
cos(2k ∧ p)
(k2 +m2)
+ nite term = − ie
2
π
√
p˜2
e−m
√
p˜2 + nite term. (31)
To keep things in perspetive, we should reall that, besides this divergene we need also
to anel the one assoiated with the four point funtion < Tϕ†ϕϕ†ϕ >. Before adding
fermions this funtion reeives ontribution from the diagram in the Fig. 4c. In the adjoint
representation this graph gives
Fig4c = −8e4
∫
d3k
(2π)3
ǫµρνk
ρ
k2
ǫναµ(k + p− r)α
(k + p− r)2 C = −16e
4
∫
d3k
(2π)3
(k + p− r) · k
(k + p− r)2k2C (32)
where C is the trigonometri fator
C = [sin(k ∧ q + s ∧ q) sin(k ∧ s) + sin(k ∧ q) sin(k ∧ s+ s ∧ q)]
×[sin(k ∧ r + p ∧ r) sin(k ∧ p) + sin(k ∧ r) sin(k ∧ p+ p ∧ r)]. (33)
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As done in our study of the fundamental representation, we investigate the possibility to anel
these divergenes by adding a Yukawa like interation. The struture of the trigonometri fator
in Eq. (33) suggests that one should inlude the interation
SY ukawa, adjoint = g1
∫
d3x{[ϕ†, ψ ]∗ ∗ [ϕ, ψ]∗ − [ϕ†, ψ ]∗ ∗ [ϕ, ψ]∗}. (34)
In fat, this interation introdues a new vertex whih will be still represented by the last
vertex in Fig. 1 but whih orresponds to
Γ1ϕψ = 4ig1[sin(k1 ∧ p1) sin(k2 ∧ p2) + sin(k1 ∧ p2) sin(k2 ∧ p1)]. (35)
Beause of this new vertex, there is one additional diagram, Fig. 6d, whih provides the
following ontribution to the two point vertex funtion of the fermion eld
Fig6d = 8g1
∫
d3k
(2π)3
sin2(k ∧ p)
k2 +m2
. (36)
As the nonplanar part of this graph is equal to
(Fig6d)nplanar = −4g1
∫
d3k
(2π)3
cos(2k ∧ p)
(k2 +m2)
=
ig1
π
√
p˜2
e−m
√
p˜2, (37)
we see that the infrared singularity will anel if g1 = e
2
.
Conerning the four point proper funtion of the salar eld, notie that there is also a
new diagram whih topologially is the same as the graph in Fig. 4d but whose analytial
expression is
Fig4d = 16g21
∫
d3k
(2π)3
Tr[∆ψ(k)∆ψ(k + p− r)]C
= −32g21
∫
d3k
(2π)3
−k · (k + p− r) +m2
[(k + p− r)2 +m2][k2 +m2]C. (38)
As g1 = e
2
the two ontributions, Eqs. (32) and (38), do not anel and a linear IR divergene
persists. To remove suh divergene a further extension of the model is needed. Taking into
aount these observations, in the next setion we will onsider a supereld CS model.
9
V. THE SUPERFIELD CS MODEL
We begin our analysis by onsidering the 2+1 dimensional supereld CS model whih is
dened by the ation [20℄
S = m
∫
d5z(Aα ∗Wα + i
6
{Aα, Aβ}∗ ∗DβAα + 1
12
{Aα, Aβ}∗ ∗ {Aα, Aβ}∗) , (39)
where
Wβ =
1
2
DαDβAα − i
2
[Aα, DαAβ]∗ − 1
6
[Aα, {Aα, Aβ}∗]∗ (40)
is a supereld strength onstruted from the spinor superpotential Aα. This ation is invariant
under the innitesimal gauge transformations
δAα = DαK − i[Aα, K]∗ , (41)
where K is a salar supereld parameter. As a rst step for quantization, we eliminate this
gauge freedom by hoosing the gauge xing and assoiate Faddeev-Popov terms as speied
by the ation
SGF+FP = −m
2ξ
∫
d5z(DαAα)(D
βAβ) +
1
2g2
∫
d5z(c′DαDαc + ic
′ ∗Dα[Aα, c]∗) , (42)
so that the quadrati part of the ation reads
S2 = −1
2
m
∫
d5zAβ
[
DαDβ +
1
ξ
DβDα
]
Aα +
1
2g2
∫
d5zc′DαDαc . (43)
From this ation we get the free gauge and ghost propagators as being
< Aα(z1)A
β(z2) >=
i
4m
[
DβDα + ξDαDβ
]
δ5(z1 − z2) , (44)
and
< c′(z1)c(z2) >= −ig2D
2

δ5(z1 − z2) . (45)
The interation part of the ation determines three types of verties:
Γ3 = a3mA
β(k1)A
α(k2)DαAβ(k3) sin(k2 ∧ k3),
Γ4 = a4mA
β(k1)A
α(k2)Aα(k3)Aβ(k4) sin(k1 ∧ k2) sin(k3 ∧ k4),
Γc = − 1
g2
c′(k1)D
α(Aα(k2)c(k3)) sin(k2 ∧ k3), (46)
10
where a3 =
2
3
and a4 =
1
3
. Instead of writing their expliit values, we will retain the notations
a3 and a4 to keep trak of the ontributions of eah vertex.
To study the divergene struture of the model we shall start by determining the super-
ial degree of divergene d(γ) assoiated to a generi supergraph γ. Expliitly, d(γ) reeives
ontributions from the propagators and, impliitly, from the superovariant derivatives. This
last dependene an be unveiled by the use of the onversion rule
Dα(−k, θ)Dβ(−k, θ) = kαβ − CαβD2(−k, θ) (47)
and the identity (D2)2 = −k2. Let V1 be the number of pure gauge verties ontaining one
super-derivative and Vc the number of ghost verties; let PA and Pc be the numbers of gauge
and ghost superpropagators and let ND be the number of superovariant derivatives that at
on the external lines after the usual D-algebra transformations. The superial degree of
divergene is then
d(γ) = 2L+
1
2
(V1 + Vc)− PA − Pc − 1
2
ND , (48)
where L is the number of loops. As we are going to onsider Green funtions of the gauge
supereld only, then Vc = Pc. Using this and the topologial identity relating the number of
lines, the number of verties and the number of loops, the above formula an be rewritten as
d(γ) = 2− 1
2
EA − 1
2
ND, (49)
where EA denotes the number of external A lines.
At one loop, due to symmetri integration, the superially logarithmially divergent on-
tributions are atually nite. We have therefore to examine only graphs that are potentially
linearly divergent. They ontribute to the two point gauge supereld vertex funtion and are
depited in Fig. 7. First notie that the ghost ontribution in Fig. 7c is the same as in
nonommutative super-QED3 so that we just quote the result from [21℄
Γ2c = −1
2
∫
d3p
(2π)3
d2θ1
∫
d3k
(2π)3
sin2(k ∧ p)
k2
Aβ(−p, θ1)Aβ(p, θ1) + · · · , (50)
where the ellipsis stands for nite terms. The seond ontribution, whih omes from the
tadpole graph in Fig. 7b, is also easily evaluated giving
Γ2b =
3
2
a4(1− ξ)
∫
d3p
(2π)3
d2θ1
∫
d3k
(2π)3
sin2(k ∧ p)
k2
Aβ(−p, θ1)Aβ(p, θ1). (51)
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The evaluation of the graph in Fig. 7a is more ompliated as it involves two types of
ontrations distinguished by the fat that the two derivatives at the verties at on the same
line (denoted by (a), (b) and (c)) or on dierent lines (indiated by (a′), (b′) and (c′)):
Γ2a = (a) + (b) + (c) + (a
′) + (b′) + (c′) (52)
where
(a) = m2a23
∫
d3p
(2π)3
d2θ1d
2θ2
∫
d3k
(2π)3
sin2(k ∧ p) < DαAβ(k, θ1)Dα′Aβ′(−k, θ2) >
× < Aβ(p− k, θ1)Aα′(−(p− k), θ2) > Aα(−p, θ1)Aβ′(p, θ2),
(b) =
m2
2
a23
∫
d3p
(2π)3
d2θ1d
2θ2
∫
d3k
(2π)3
sin2(k ∧ p) < DαAβ(k, θ1)Dα′Aβ′(−k, θ2) >
× < Aβ(p− k, θ1)Aβ′(−(p− k), θ2) > Aα(−p, θ1)Aα′(p, θ2),
(c) =
m2
2
a23
∫
d3p
(2π)3
d2θ1d
2θ2
∫
d3k
(2π)3
sin2(k ∧ p) < DαAβ(k, θ1)Dα′Aβ′(−k, θ2) >
× < Aα(p− k, θ1)Aα′(−(p− k), θ2) > Aβ(−p, θ1)Aβ′(p, θ2), (53)
(a′) = m2a23
∫
d3p
(2π)3
d2θ1d
2θ2
∫
d3k
(2π)3
sin2(k ∧ p) < DαAβ(k, θ1)Aα′(−k, θ2) >
× < Aβ(p− k, θ1)Dα′Aβ′(−(p− k), θ2) > Aα(−p, θ1)Aβ′(p, θ2),
(b′) =
m2
2
a23
∫
d3p
(2π)3
d2θ1d
2θ2
∫
d3k
(2π)3
sin2(k ∧ p) < DαAβ(k, θ1)Aβ′(−k, θ2) >
× < Aβ(p− k, θ1)Dα′Aβ′(−(p− k), θ2) > Aα(−p, θ1)Aα′(p, θ2),
(c′) =
m2
2
a23
∫
d3p
(2π)3
d2θ1d
2θ2
∫
d3k
(2π)3
sin2(k ∧ p) < DαAβ(k, θ1)Aα′(−k, θ2) >
× < Aα(p− k, θ1)Dα′Aβ′(−(p− k), θ2) > Aβ(−p, θ1)Aβ′(p, θ2). (54)
After straightforward D-algebra transformations we obtain
(a) = 8a23ξ
∫
d2θ
∫
d3pd3k
(2π)6
Jk2Aβ(−p, θ)Aβ(p, θ),
(b) = 8a23ξ
∫
d2θ
∫
d3pd3k
(2π)6
Jk2Aβ(−p, θ)Aβ(p, θ),
(c) = 4a23(ξ − ξ2)
∫
d2θ
∫
d3pd3k
(2π)6
Jk2Aβ(−p, θ)Aβ(p, θ),
(a′) = 8a23ξ
∫
d2θ
∫
d3pd3k
(2π)6
Jk2Aβ(−p, θ)Aβ(p, θ),
(b′) = 8a23ξ
∫
d2θ
∫
d3pd3k
(2π)6
Jk2Aβ(−p, θ)Aβ(p, θ),
(c′) = 4a23ξ
2
∫
d2θ
∫
d3pd3k
(2π)6
Jk2Aβ(−p, θ)Aβ(p, θ), (55)
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where
J =
1
32
sin2(k ∧ p)
k2(p− k)2 . (56)
The nal ontribution of this graph is therefore
Γ2a =
9
8
a23ξ
∫
d3p
(2π)3
d2θ
∫
d3k
(2π)3
sin2(k ∧ p)
k2
Aβ(−p, θ)Aβ(p, θ). (57)
Thus, olleting the results in (50), (51) and (57) we get that the would be divergent part
of Γ2,
ΓDiv2 = (
9
8
a23ξ +
3
2
a4(1− ξ)− 1
2
)
∫
d3p
(2π)3
d2θ
∫
d3k
(2π)3
sin2(k ∧ p)
k2
Aβ(−p, θ)Aβ(p, θ), (58)
vanishes irrespetively of the gauge parameter ξ. This means that the one-loop two point
vertex funtion of the gauge supereld is free from both UV and UV/IR infrared singularities
in any ovariant gauge. As a matter of fat, using arguments similar to those presented in
[21℄ one an demonstrate that all superially logarithmially divergent graphs are nite. We
therefore onlude that in any gauge the model is one-loop nite.
Let us now onsider the eet of the inlusion of matter elds. We rst examine the ase
in whih a salar supereld in the adjoint representation ouples to the CS supereld through
the ation
SA =
∫
d5z
{
φ¯(D2 −M)φ− i
2
(g[φ¯, Aα]∗ ∗Dαφ− gDαφ¯ ∗ [Aα, φ]∗)
−g
2
2
[φ¯, Aα]∗ ∗ [Aα, φ]∗
}
. (59)
With this modiation the superial degree of divergene in Eq. (49) must be replaed by
d(γ) = 2− 1
2
(EA + Eφ)− ND
2
, (60)
where EA and Eφ are the numbers of the external A and φ lines, respetively. The more
dangerous situations orrespond to linearly divergent ontributions whih are possible only
if Eφ = 2 or EA = 2. The addition of the ation (59) generates new ontributions to the
two point proper vertex funtion of the gauge supereld. The orresponding supergraphs are
listed in Fig. 8 and the details of their omputation are the same as in the three-dimensional
nonommutative CPN−1 model [22℄. They give the following ontributions to the eetive
ation
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iSA8a(p) = −2g2
∫
d2θ
∫
d3k
(2π)3
I(k, p)
×
[
(k2 +M2)CαβA
α(−p, θ)Aβ(p, θ) + (kαβ +MCαβ)(D2Aα(−p, θ))Aβ(p, θ)
+
1
2
DγDαAα(−p, θ)(kγβ +MCγβ)Aβ(p, θ)
]
(61)
and
iSA8b(p) = 2g
2
∫
d3k
(2π)3
sin2(k ∧ p)
(k + p)2 +M2
CαβA
α(−p, θ)Aβ(p, θ), (62)
where
I(k, p) =
sin2(k ∧ p)
(k2 +M2)[(k + p)2 +M2]
. (63)
Although individually divergent the sum of iSA8a(p) and iS
A
8b(p) is nite being equal to
iSA8 (p) = −2g2
∫
d2θ
∫
d3k
(2π)3
I(k, p)
× (kγβ +MCγβ)
[
(D2Aγ(−p, θ))Aβ(p, θ) + 1
2
DγDαAα(−p, θ)Aβ(p, θ)
]
, (64)
or equivalently,
SA8 (p) =
g2
16π
∫
d2θf(p)Aβ(p, θ)[D2 + 2M ]W0β(−p, θ)
=
g2
16π
∫
d2θf(p)[W α0 W0α + 2MW
α
0 Aα], (65)
where
f(p) = −16πi
∫
d3k
(2π)3
I(k, p) (66)
and W α0 =
1
2
DβDαAβ is a linearized supereld strength. As we see, these graphs originate
nonloal Maxwell and CS terms in the eetive ation.
Let us now onsider the two point funtion of the salar supereld. The one-loop ontribut-
ing graphs are depited in Fig. 9; they are superially linearly divergent. Notie that, as
before by reasons of symmetry, the would be logarithmi divergenes vanish and therefore all
terms whih do not ontain linear divergenes are nite.
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The UV leading part of the graph in Fig. 9a, whih involves two verties with three elds
is
iS
(1)A
φφ¯
= −1
2
g2
∫
d3k
(2π)3
∫
d2θ1d
2θ2
sin2(k ∧ p)
4mk2[(p+ k)2 +M2]
(DβDα + ξDαDβ)δ12
× Dα1(D2 +M)Dβ2δ12[φ(−p, θ1)φ¯(p, θ2) + φ¯(−p, θ1)φ(p, θ2)] (67)
and, after D-algebra transformations turns out to be
iS
(1)A
φφ¯
= ξg2
∫
d2θ
φ(−p, θ)φ¯(p, θ)
m
∫
d3k
(2π)3
sin2(k ∧ p)
k2
+ nite term. (68)
Notie that this gauge dependent ontribution only vanishes in the Landau, ξ = 0 gauge,
as ould be antiipated from a rapid inspetion of Eq. (67). Now, after trivial D-algebra
transformations the ontribution from the graph in Fig. 9b beomes
iS
(2)A
φφ¯
= −(1− ξ)g2
∫
d2θ
φ(−p, θ)φ¯(p, θ)
m
∫
d3k
(2π)3
sin2(k ∧ p)
k2
+ nite term. (69)
Dierently from Eq. (68) the above result only vanishes in the Feynman, ξ = 1, gauge where
the propagator of the Aα supereld does not ontain spinor derivatives. The sum of Eqs.
(68) and (69) only vanishes in the ξ = 1/2 gauge and thus only in this gauge the model with
the matter superelds in the adjoint representation is free from dangerous UV/IR infrared
divergenes.
A more favorable situation ours if the matter supereld belongs to the fundamental rep-
resentation of the gauge group. In this ase the matter ation is
SF =
∫
d5z
[
φ¯(D2 −M)φ − ig
2
(φ¯ ∗ Aα ∗Dαφ−Dαφ¯ ∗ Aα ∗ φ)
−g
2
2
φ¯ ∗ Aα ∗ Aα ∗ φ
]
, (70)
whih implies in the following form of the verties after the Fourier transform:
ΓF3 = −
ig
2
Aα(k1)(Dαφ(k2)φ¯(k3)− φ(k2)Dαφ¯(k3))eik2∧k3 ,
ΓF4 = −
g2
2
φ¯(k1)A
α(k2)Aα(k3)φ(k4)e
ik1∧k2+ik3∧k4. (71)
We an easily alulate the ontributions of graphs ontaining these verties to the two point
funtion of the gauge supereld. In fat, the D-algebra transformations are exatly the same
as in the adjoint representation, the only dierenes in the analytial expressions being due
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to the replaement of trigonometri fators by phases in the way speied in the Eqs. (71).
However, these phase fators do not interfere with the alulations sine both graphs turn out
to be planar. Their orresponding analytial expressions are
iSF8a(p) = −
g2
2
∫
d2θ
∫
d3k
(2π)3
1
(k2 +M2)[(k + p)2 +M2]
×
[
(k2 +M2)CαβA
α(−p, θ)Aβ(p, θ) + (kαβ +MCαβ)(D2Aα(−p, θ))Aβ(p, θ)
+
1
2
DγDαAα(−p, θ)(kγβ +MCγβ)Aβ(p, θ)
]
(72)
and
iSF8b(p) =
g2
2
∫
d3k
(2π)3
1
(k + p)2 +M2
CαβA
α(−p, θ)Aβ(p, θ). (73)
Their sum is also nite and equal to
iSF8 (p) = −
g2
2
∫
d2θ
∫
d3k
(2π)3
1
(k2 +M2)[(k + p)2 +M2]
× (kγβ +MCγβ)
[
(D2Aγ(−p, θ))Aβ(p, θ) + 1
2
DγDαAα(−p, θ)Aβ(p, θ)
]
, (74)
the only dierene with respet to Eq. (64) being the absene of the trigonometri fator.
We still have to examine the ontributions to the two point vertex funtion of the salar
supereld. The relevant graphs are again those drawn in Fig. 9 and in this ase are totally
planar. We get
iS
(1)F
φφ¯
= −1
8
g2
∫
d3k
(2π)3
∫
d2θ1d
2θ2
1
4mk2[(p + k)2 +M2]
(DβDα + ξDαDβ)δ12
× Dα1(D2 +M)Dβ2δ12[φ(−p, θ1)φ¯(p, θ2) + φ¯(−p, θ1)φ(p, θ2)], (75)
whih after D-algebra transformations beomes
iS
(1)F
φφ¯
=
1
4
g2ξ
∫
d2θ
φ(−p, θ)φ¯(p, θ)
m
∫
d3k
(2π)3
1
k2
+ nite term. (76)
The D-algebra transformations for the seond graph are simpler and yield
iS
(2)F
φφ¯
= −1
4
(1− ξ)g2
∫
d2θ
φ(−p, θ)φ¯(p, θ)
m
∫
d3k
(2π)3
1
k2
. (77)
In the ontext of dimensional regularization, whih we are impliitly assuming, these divergent
parts vanish. Thus in any gauge the one-loop ontributions to the two point vertex funtion of
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the salar supereld are nite. This result singles out the fundamental representation as the
preferable one for the onstrution of the model.
It should be notied that although absent in the one-loop orretions a quarti self-
interation of the salar supereld may be indued at higher orders. In that situation for
renormalizability one should a fortiori introdue the oupling
− λ
2
∫
d5zφ¯ ∗ φ ∗ φ¯ ∗ φ, (78)
whih in its turn generates new one-loop graphs. In partiular, for the two point funtion of
the salar supereld we have the graph depited in Fig. 10 whih orresponds to
− 2λ
∫
d2θ
∫
d3p
(2π)3
∫
d3k
(2π)3
1
k2 +M2
(D2 +M)δ11φ(−p, θ)φ¯(p, θ), (79)
whih after a trivial D-algebra transformation is equal to
− 2λ
∫
d2θ
∫
d3p
(2π)3
∫
d3k
(2π)3
1
k2 +M2
φ(−p, θ)φ¯(p, θ), (80)
providing a nite mass renormalization for the salar supereld.
VI. CONCLUSIONS
In this work we have studied various models of matter elds oupled to the CS eld both in
the fundamental and in the adjoint representation of the U(1) nonommutative gauge group.
Speial attention was given to the ourrene of UV/IR mixing as it may generate noninte-
grable infrared singularities. We began by proving that the model desribing a fermioni eld
minimally oupled to the CS eld is free from dangerous UV/IR mixing. On the other hand,
the model with only a salar eld also in the fundamental representation and minimally ou-
pled to the CS eld presents a linear infrared divergene in the one-loop ontribution to the
four point vertex funtion of the matter eld. We proved that it is possible to anel suh
divergene by inorporating fermions interating with the salar eld via a nonommutative
Yukawa like Lagrangian. The situations are more ompliated if the matter elds belong to
the adjoint representation: to eliminate the UV/IR mixing in the one-loop ontributions to the
gauge eld propagator it is neessary to onsider a more general model ontaining both salar
and fermioni elds minimally oupled to the CS eld. However, even with the addition of a
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Yukawa interation it was not possible to eliminate all one-loop infrared divergenes whih are
present in the two point vertex funtion of the fermioni eld and also in the four point funtion
of the salar eld. More general interations seemed to be neessary and also motivated by
results in supersymmetri gauge theories [21, 22℄ we were led to study a nonommutative CS
supereld oupled to matter. We rst demonstrate that the pure gauge setor is nite in an
arbitrary gauge. The inlusion of matter brought new features depending on the representation
to whih the orresponding supereld belongs. For the matter supereld in the fundamental
representation of the gauge group all one-loop graphs with positive superial degree of diver-
gene are planar and are therefore nite in the ontext of dimensional regularization. However,
for the matter in the adjoint representation we found that the absene of dangerous UV/IR
singularities in the two point vertex funtion of the matter eld only happens in a partiular
gauge, namely ξ = 1/2.
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ρ
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k2
p2 νµp1
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Γµνρ =
Γ2µ =
µ
p1
k2
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Figure 1: Verties for the CS eld oupled to matter. Charges ow in opposite diretion to the
indiated.
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Figure 2: One-loop orretions to the gauge eld two point vertex funtion.
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Figure 3: One-loop orretions to the gauge-salar eld three point funtions.
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Figure 4: One-loop ontributions to the four point funtion.
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Figure 5: Nonintegrable singularity generated by iteration of the graph in Fig. 4c.
db ca
Figure 6: One-loop orretions to the matter elds two point funtions
a cb
Figure 7: Superially linearly divergent diagrams ontributing to the two-point funtion of the gauge
supereld.
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a b
Figure 8: Coupling to matter: ontributions to the two-point funtion of gauge supereld.
a b
Figure 9: Coupling to matter: ontributions to the two-point funtion of matter eld.
Figure 10: The ontribution to the two-point funtion of matter eld generated by the matter self-
interation.
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